The large-Maf transcription factor MafA has been found to be crucial for insulin transcription and 29 synthesis and for pancreatic β-cell function and maturation. However, insights about the effects of 30 small Maf factors on β-cells are limited. Our goal was to elucidate the function of small-Maf factors 31 on β-cells using an animal model of endogenous small-Maf dysfunction. Transgenic (Tg) mice with 32 β-cell-specific expression of dominant-negative MafK (DN-MafK experiments), which can suppress 33 the function of all endogenous small-Mafs, were fed a high-fat diet (HFD) and their in vivo 34 phenotypes were evaluated. Phenotypic analysis, glucose tolerance tests, morphologic examination of 35 β-cells, and islet experiments were performed. DN-MafK-expressed MIN6 cells were also used for in 36 vitro analysis. The results showed that DN-MafK expression inhibited endogenous small-Maf binding 37 to insulin promoter while increasing MafA binding. DN-MafK Tg mice under HFD conditions 38 showed improved glucose metabolism compared with control mice via incremental insulin secretion, 39 without causing changes in insulin sensitivity or MafA expression. Moreover, upregulation of insulin 40 and glucokinase gene expression was observed both in vivo and in vitro under DN-MafK expression.
INTRODUCTION

45
Although various factors affect the transcription, synthesis and secretion of insulin in pancreatic islet 46 beta cells, some pancreatic transcriptional factors such as Pancreatic and duodenal homeobox factor 1 47 for 15 min in methanol containing 0.3% (v/v) hydrogen peroxide to deactivate endogenous peroxidase 136 activity. After rinsing with PBS, the sections were immunostained with a specific antibody, including 137 rabbit anti-human insulin (diluted 1:1000), anti-MafF/G/K (1:200), and anti-Flag (1:1000) antibodies 138 (Santa Cruz Biotechnology, Dallas, TX, USA). The sections were counterstained with hematoxylin.
139
For fluoroimmunostaining, tissue sections were incubated overnight at 4°C with rabbit 140 anti-human insulin (1:1000), anti-Maf F/G/K (1:200) (Santa Cruz), anti-mouse insulin monoclonal 141 antibody (1:1000), anti-Flag (1:1000) (Sigma-Aldrich), and anti-proliferative cell nuclear antigen 142 (PCNA) monoclonal antibody (Nichirei, Tokyo, Japan). After rinsing with PBS, Alexa 488 goat 143 anti-mouse antibody and Alexa 594 donkey anti-goat antibody (Invitrogen, Carlsbad, CA, USA) were 144 added, and the mixture was incubated for 30 min. To estimate β-cell mass, the area of insulin-positive 145 cells was measured with BZ-II analyzer (Keyence, Osaka, Japan) according to the manufacturer's 146 instructions, and β-cell mass was calculated by the following formula: β-cell mass (mg) = the 147 pancreas weight (mg) × percent pancreatic islet area × percent β-cell count. PCNA-positive β-cells 148 were counted separately from insulin-positive islet cells.
150
Islet isolation 151
Islets were isolated using collagenase XI (Sigma-Aldrich) according to the manufacturer's 152 instructions, as described elsewhere (23,24).
154
Glucose-stimulated insulin secretion 155
Insulin secretion was measured after culturing islets from Wt and DN-MafK Tg mice for 4 h in 156 RPMI-1640 medium containing 11 mM glucose supplemented with 10% FBS and 1% penicillin-as described previously (25) . Adenovirus that possessed the CMV-GFP expression cassette in the E1 168 region of the virus genome was used as a control virus (O.D. 260 Inc.). The adenovirus titer was 169 determined using the OD 260-SDS method as described previously (25). 
205
Chromatin immunoprecipitation assay 206 Chromatin immunoprecipitation (ChIP) analysis was performed using a ChIP assay kit (EMD 207 Millipore, Billerica, MA, USA). Adenovirus-infected MIN6 cells were preincubated in a 10-cm dish MIN6 cells compared with that in the control cells, whereas MafA binding to MARE was 262 significantly increased ( Fig. 3B ). Furthermore, luciferase assay using insulin promoter resulted in and area under the curve for OGTT results was observed in the DN-MafK Tg mice compared with 289 that in the Wt mice ( Fig. 5D and 5E ). Moreover, both fasting and post-glucose loaded serum insulin 290 levels were significantly increased in the HFD-fed DN-MafK Tg mice ( Fig. 5F ). Because impairment 291 in in vivo glucose stimulated insulin secretion was ameliorated in the HFD-fed DN-MafK Tg mice 292 while their insulin sensitivity remained unchanged, we postulate that the dysfunction in 293 glucose-responsive insulin-secretion machinery in beta cells may be rectified in these Tg mice.
295
Islet morphology in the HFD-fed Wt mice and DN-MafK Tg mice
296 Some previous studies have reported changes in the morphology of pancreatic islets in conjunction 297 with pancreas-specific knockout or overexpression of Maf factors (11, 26) . In consideration of these 298 findings, we next performed immunostaining of pancreatic sections with antibody against insulin and 299 PCNA to investigate the islet morphology in the HFD-fed mice. Insulin-positive pancreatic cell mass 300 was calculated as described earlier. There were no obvious changes in the morphology of islets 
345
It is important to note that this increase in insulin gene expression occur independent of any increase 
355
In addition, MafA is known as a positive regulator of Pdx-1 and NeuroD1 (11, 32) . In our study, the 
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